( and subsequent protonation of the metalate afford [(CO) 5 M Ä/C Ä/C Ä/C(NMeH)Ph] in high yield. As indicated by the spectroscopic data of the compounds and the X-ray analyses of three representative examples, these allenylidene complexes are best described as hybrids of allenylidene and zwitterionic alkynyl complexes with delocalisation of the electron pair at nitrogen towards the metal center. Dimethylamine reacts with the amino(phenyl )allenylidene complex [(CO) 5 Cr Ä/C Ä/C Ä/ C(NMe 2 )Ph] (7a) by addition of the amine across the C a Ä/C b bond to give selectively the E-alkenyl(amino)carbene complex [(CO) 5 Cr Ä/C(NMe 2 ) Ã/CH Ä/C(NMe 2 )Ph] (12). In contrast, the reaction of dimethylamine with the amino(methoxy )allenylidene complex [(CO) 5 Cr Ä/C Ä/C Ä/C(NMe 2 )OMe] (1a) proceeds by addition of the amine to the C g atom and subsequent elimination of methanol to give the substitution product [(CO) 5 Cr Ä/C Ä/C Ä/C(NMe 2 ) 2 ] (13). Triphenylphosphane neither adds to the C a nor the C g atom of 7a but upon irradiation displaces a CO ligand to form a cis-allenylidene(tetracarbonyl)phosphane complex 15. #
Introduction
Transition metal complexes containing metal Á/carbon double bonds [M Ä/C(sp 2 ) or MÄ/C(sp)] are among the most powerful tools in modern organic and organometallic synthesis. Especially transition metal carbene complexes have found broad applications in synthesis and catalysis. In recent years metallacumulenes such as vinylidene complexes, [L n M Ä/C Ä/C(R 1 )R 2 ], and allenylidene complexes, [L n M Ä/C Ä/C Ä/C(R 1 )R 2 ], have attracted increasing interest [1] . A considerable number of theoretical and experimental studies confirm the great potential of these compounds for C Ã/C and C Ã/X bond formation [2 Á/8] . Ruthenium allenylidene complexes have been proposed to be key intermediates in catalytic processes [9] and have found application in Diels Á/Alder reactions [10] . The presence of the linear unsaturated carbon chain makes metallacumulenes potentially useful as one dimensional molecular wires [11] and for optoelectronic applications [12] .
The vast majority of allenylidene complexes are derived from 1,1-disubstituted propargylic alcohols bearing either alkyl or aryl groups at the terminal carbon atom [1] . In contrast, the number of heteroatom-substituted allenylidene complexes is rather scarce although two of the very first allenylidene complexes to be synthesized carried a dimethylamino substituent at the terminal carbon atom [13, 14] . These complexes B were obtained by Fischer et al. from alkenyl(ethoxy) carbene complexes A by Lewis acid induced alcohol elimination (Scheme 1: M0/Cr, W; R 0/Et; R?0/Me; Rƒ0/Ph) [13] . Later on this method has been extended to the synthesis of some other amino stabilized allenylidene complexes [15] . Alkynyl carbene complexes C have also turned out to be useful precursors for the preparation of monoamino allenylidene complexes [16] ( Scheme 1) .
Recently a few cationic donor-substituted allenylidene complexes of ruthenium have been prepared by trapping of highly unstable butatrienylidene intermediate with amines [17] or by addition of amines to pentatetraenylidene complexes [17] . Two bis(dimethylamino)-substituted allenylidene complexes, [(CO) 5 MÄ/C Ä/C Ä/ C(NMe 2 ) 2 ] [18], and two alkenyl(dimetylamino) allenylidene complexes, [(CO) 5 M Ä/C Ä/C Ä/C(NMe 2 )Ã/CH Ä/ C(NMe 2 ) 2 ] (M0/Cr, W) [18] , have also been synthesized.
The bonding situation in allenylidene complexes and their reactivity are expected to strongly depend on the substitution pattern. Therefore, we were looking for a new and broadly applicable approach to this type of complexes and now report on a simple one-step route for nitrogen-stabilized allenylidene complexes of chromium and tungsten and on the results of a few preliminary reactivity studies.
Results and discussion

Synthesis
Usually transition metal allenylidene complexes are prepared by introduction of a preformed C 3 fragment into the coordination sphere of the metal. Thus, bis(aryl)-and bis(alkyl)-substituted allenylidene complexes are readily accessible by the reaction of 1,1-disubstituted propargylic alcohols with a metal fragment followed by elimination of water [1] . By a related method bis(dimethylamino)allenylidene complexes of chromium and tungsten are synthesized. Reaction of [(CO) 5 M(THF)] with the lithium salt of 3,3,3-tris(dimethylamino) prop-1-yne as the C 3 source gives an alkynyl metalate and subsequent Lewis acid promoted elimination of dimethylamide [19] . These strategies cannot be applied to the synthesis of allenylidene complexes bearing two different heteroatom functionalities due to the lack of appropriate precursors.
This problem could be circumvented by using deprotonated propynoic acid amides as the C 3 source. These amides readily reacted with pentacarbonyl(tetrahydrofuran)-chromium and -tungsten to form alkynyl metalates. Subsequent alkylation of the metalates by Meerwein salts and chromatography afforded the amino(alkoxy)-substituted allenylidene complexes 1a,bÁ/ 6a,b in 42 Á/80% isolated yield (Scheme 2).
This one-pot route is also applicable to the synthesis of amino(aryl)-substituted allenylidene complexes by employing the lithium salts of C -ethynylimines instead of deprotonated propynoic acid amides as the C 3 source. For instance, deprotonation of methyl-(1-phenyl-prop-2-ynylidene)-amine with butyllithium, followed by reaction of the acetylide with [(CO) 5 M(THF)] and alkylation of the resulting metalate with oxonium salts, [R ?
3 O]BF 4 , gave the dialkylamino(phenyl)allenylidene complexes 7a,b Á/8a,b in 61 Á/69% yield (Scheme 3). In addition to 7a,b Á/8a,b, small amounts of the monoalkylamino(phenyl)allenylidene complexes 9a,b were isolated as byproducts. The compounds 9a,b presumably were formed by reaction of either the metalate with traces of water present in the solvent or of unreacted metalate with water adsorbed to SiO 2 used as the stationary phase in the chromatography. In accord with this assumption, addition of SiO 2 to solutions of the metalates gave 9a,b as the single isolable product in 78 and 76% yield, respectively, (Scheme 3).
Up to now monoamino-substituted allenylidene complexes of Group 6 metals were only accessible by twostep methods, either from alkenyl(alkoxy)carbene comScheme 1.
Scheme 2.
plexes via 1,2-elimination of an alcohol [13, 15] or by treatment alkynylcarbene complexes with amines or amides (Scheme 1) [16] . In both cases a,b-unsaturated carbene complexes have to be synthesized first.
When 2-ethynyl pyridine was used as the starting alkyne, allenylidene complexes (10a,b, 11a,b) were obtained in which the terminal carbon atom of the chain forms part of an N -heterocycle (Scheme 4).
Properties
The new complexes were characterized by spectroscopic means and by elemental analyses. The IR spectra show a typical pentacarbonyl pattern in the region 1900 Á/2100 cm (1 and additionally a n(CCC) absorption between 1980 and 2010 cm (1 . Within the series of complexes 1Á/11 the n(CO) and n (CCC) absorptions are almost independent of the nature of the substituents. Increasing the donor capacity of the allenylidene substituent results in only a slight shift of the n (CCC) absorption band. In general the absorptions are at similar wave numbers than those of [(CO) 5 MÄ/C Ä/C Ä/ C(NMe 2 ) 2 ] [19] . From the position of the n (CO) A 1 (trans ) and E vibrations at low energy and the n (CCC) band at rather high energy it follows that these allenylidene ligands transfer considerable electron density to the metal center and that the polar resonance form III (Scheme 5) significantly contributes to the overall bonding description. In contrast, the n (CO) A 1 (trans ) and E vibrations of bisaryl-substituted allenylidene complexes are found at considerably higher energy whereas their A 1 (cis )-n(CO) and their n (CCC) absorption are at lower energy indicating dominance of unpolar resonance forms similar to I [2b, 20] .
The conclusions drawn from the IR spectra concerning the importance of resonance form III of allenylidene complexes for their stabilization are supported by the NMR spectra:
(a) With increasing donor ability of the substituents at C g the 13 C-NMR resonance of the metal-bound C a atom shifts towards higher field (NPh 2 5 M Ä/C Ä/C Ä/ C(NMe 2 ) 2 ] exhibit only one N-Me resonance which neither splits nor broadens on cooling solutions down to (/90 8C [19] .
The NMR spectra of the complexes 8 indicate the presence of two isomers (E -8: Z -8 ratio 0/2:3) differing in the relative orientation of the N-alkyl groups (Scheme 6). As expected on the basis of the NMR-spectroscopic results with 1 and 7, the ratio of these conformers does not change upon warming. These rotational conformers exhibit strong shift differences not only for the N-alkyl groups but also for the chain carbon atoms and the trans -CO carbon atom. Analogously to 8, the formation of two isomers in the synthesis of a comparable indolinyl-substituted allenylidene complex was reported earlier [15] . Due to the considerable differences in size of the N-bound groups in 9 (Me and H), this compound selectively adopts the Z -conformation.
As expected from the polar resonance forms II and III (Scheme 5) the compounds 1Á/11 exhibit a significant negative solvatochromic effect. The UV Á/vis absorption at lowest energy which is assigned to a MLCT transition shifts toward shorter wavelengths when unpolar or weakly polar solvents are replaced by more polar ones. The effect is most pronounced with the complexes 9, 10 and 11 in which an optimal p-interaction of the lone electron pair at nitrogen with the chain is ensured either by incorporation of the nitrogen atom into a planar ring (as in 10 and 11) or by small substitutents at nitrogen (Me and H in 9).
The solid-state structures of complexes 1b, 7b and 11a were additionally established by X-ray structural analyses (Figs. 1Á/3, Tables 1 and 2 ). The allenylidene backbones deviate only slightly from linearity. The individual bond lengths along the MC 3 fragment differ markedly, however, agree well with those of other monoamino-substituted allenylidene complexes [16c, 16f] . The C6 Ã/C7 bond is short (1.225Á/1.253 Å ) and resembles an elongated CC triple bond whereas the C7 Ã/ C8 bond is rather long [1.399(8) 
) in these complexes is significantly more pronounced than in the diphenylsubstituted allenylidene complex [(CO) 5 Cr Ä/C Ä/C Ä/CPh 2 ] [20] . The atoms C8 and N1 are planar coordinated (sums of angles: 360 8C). Together with the short C8 Ã/ N1 bond, this confirms the delocalisation of the electron pair at nitrogen towards the metal center. The short trans -CO (M1 Ã/C5) bond in 1b and 11a also illustrates the strong donor ability of the terminal substituents. Like in 1,2-dihydropyridinylidene complexes [22] the dihydropyridinyl ring in 11a is essentially planar.
Reactions
A theoretical study predicts that hard nucleophiles like amines will attack allenylidene(pentacarbonyl) complexes preferentially at the a carbon atom [2a] . This is confirmed by experimental observations. Monoaminosubstituted allenylidene complexes are known to add dimethylamine exclusively to the C a Ã/C b bond giving 1,3-bis(amino)propenylidene complexes [16c]. Nonheteroatom-substituted allenylidene complexes usually show the same reactivity pattern towards amines [3a] . However, by NMR spectroscopy a C g adduct was shown to be a transient intermediate in the reaction of [triphos(CO) 2 Re Ä/C Ä/C Ä/CPh 2 ]
' with NH 3 to form the C a Ã/C b adduct [10] .
Analogously and as expected, the reaction of complex 7a with dimethylamine at room temperature yields quantitatively carbene complex 12. Only the formation of the E -configuration is detected. In principle, the addition constitutes the reverse of the first synthesis of aminoallenylidene complexes (see Scheme 1: A 0/B) [13] .
The reaction of the amino(alkoxy)-substituted complex 1a with four equivalents of dimethylamine strongly deviates from this reaction pattern. Instead of addition across the C a Ã/C b bond, the substitution of the alkoxy group of the allenylidene ligand to form the bis(dimethylamino)allenylidene complex 13 (isolated yield: 11%) as well as substitution of the complete allenylidene ligand to give the dimethylamino complex 14 [23] in 9% yield is observed (Scheme 7). Apparently, compound 13 is derived from a primary C g adduct with subsequent elimination of methanol. The substitution of a terminal group in allenylidene(carbonyl) complexes has not been observed before. Therefore, not only the nature of the nucleophile but also the substituents at the allenylidene complex play an important role in determining the regioselectivity of the addition. In contrast to 7a, complex 13 does not add dimethylamine to form a carbene complex similar to 12 as already reported [19] .
Tertiary phosphanes were found to add either to the C a or the C g allenylidene atom [2, 3b, 23Á/26] . When C g adducts are initially formed, they slowly isomerize to give the C a phosphane adducts. When secondary phosphanes are employed in the reactions with diarylallenylidene complexes, the C a adducts rearrange by insertion of the phosphane into the metalÁ/C a bond affording various types of phosphane complexes [26] .
Deviating from these reactivity pattern, the aminostabilized allenylidene complexes do not thermally react with triphenylphosphane. Upon irradiation, the phosphane displaces one CO ligand in 7a yielding the allenylidene(tetracarbonyl)triphenylphosphane complex Table 2 Crystal data and refinement details for compounds 1b, 7b and 11a 1b 7b 11a Fig. 3 . Structure of complex 11a in the crystal (ellipsoids drawn at 50% level, hydrogens omitted for clarity).
(Scheme 8).
The IR absorptions show the typical pattern of cis -tetracarbonyl phosphane complexes. The trans -isomer is not observed under these reaction conditions. It also is not formed when a solution of 15 in toluene is heated to 80 8C for 4 h. The
13
C-NMR resonances of the allenylidene chain in 15 differ slightly from those of the pentacarbonyl complex 7a. With respect to 7a, the C a and C g resonances are shifted downfield whereas the C b signal is upfield. These data indicate that the replacement of one acceptor (CO) by the donor ligand phosphane gives rise to a reduction of the electron transfer from the amino group to the metal center.
In summary, the one-pot reaction sequence of [(CO) 5 M(THF)] with alkynyl lithium salts of the type Li[C Å/C Ã/C( Ä/X)Y] and alkylation offers a convenient and versatile route to various p-donor-substituted allenylidene complexes. Our preliminary studies indicate that the reactivity of these compounds deviates from that of the corresponding diaryl-and dialkyl-substituted allenylidene complexes.
Experimental
General
All operations were performed in an inert gas atmosphere using standard Schlenk techniques. Solvents were dried by distillation from CaH 2 ×/(CH 2 Cl 2 ), LiAlH 4 (pentane, Et 2 O) and sodium (THF). The silica gel used for chromatography (Baker, silica gel for flash chromatography) was argon saturated. The reported yields refer to analytically pure substances and are not optimized. [27] , 1-pyrrolidin-1-yl-propynone [28] , propynoic acid diphenylamide [29] , methyl(1-phenyl-prop-2-ynylidene)amine [30] .
General procedure for the preparation of the allenylidene complexes 1 Á/11
A solution of 3.1 ml of n -BuLi (5 mmol, 1.6 M in nhexane) was added at (/80 8C dropwise to a solution of 5 mmol of the appropriate alkyne in 50 ml of dry THF. The solution was stirred for 20 min at this temperature and then 50 ml of a solution of [(CO 5 M(THF)] (0.1 M in THF) was added. The cooling bath was removed and the brown solution was stirred for 30 min at ambient temperature. The solvent was removed in vacuo. The remaining oily residue was dissolved in 50 ml of CH 2 Cl 2 and treated with 5 mmol of [R 3 O]BF 4 at 0 8C and stirred for further 60 min at this temperature. The complexes 7a and 7b were prepared by adding 10 g of argon-saturated silica gel to the solution of the metalate. The resulting deeply colored solution was filtered through a 5 cm layer of silica gel at (/20 8C using CH 2 Cl 2 as eluent. The solvent was removed in vacuo and the residue was chromatographed on silica gel at (/20 8C using mixtures of pentane/CH 2 Cl 2 as the eluent.
3.2.1. Pentacarbonyl (3-dimethylamino-3- 2.52; N, 3.17. Calc. for C 13 H 11 NO 6 W (461.08): C, 33.86; H, 2.40; N, Found: C, 48.98; H, 3.91; N, 4.20. Calc. for C 14 H 13 NO 6 Cr (343.26): C, 48.99; H, 3.82 ; N, 4.08%.
3.2.8. Pentacarbonyl (3-ethoxy-3-pyrrolidino-1,2-propadienylidene) 125.9, 126.7, 128.8, 129.0, 129.6, 129.9, 139.4, 141.5 (ArC) 2, 127.0, 127.9, 128.5, 128.8, 129.6, 139.9, 141.8 (ArC) 125.9, 126.8, 128.3, 128.6, 128.9, 129.5, 139.5, 141.5 (ArC) (3-dimethylamino-3-phenyl-1,2-propadienylidene) chromium (7a) Yield: 1.06 g (61%). Identification through comparison of its spectroscopic data with those published in the literature [13, 15, 16c] .
3.2.14. Pentacarbonyl (3-dimethylamino-3-phenyl-1,2-propadienylidene)tungsten (7b) Yield: 1.66 g (69%). Identification through comparison of its spectroscopic data with those published in the literature [13, 15, 16c] .
3.2.15. Pentacarbonyl (3-ethylmethylamino-3-phenyl-1,2-propadienylidene) [31] . The positions of the hydrogen atoms were calculated by assuming ideal geometry, and their coordinates were refined together with those of the attached carbon atoms as 'riding model'. All other atoms were refined anisotropically.
Supplementary material
Crystallographic data for the structural analyses of complexes 1b, 7b and 11a have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. CCDC-209313 (1b) , CCDC-209314 (7b), and CCDC-209315 (11a) . Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: '/44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
